Summary. The ability of sheep luteal cells from the first corpus luteum formed after parturition (Group F) 
Introduction
The first corpus luteum formed after parturition in cattle and sheep is frequently short-lived (Lamming et al, 1981; Manns et al, 1983; Wise et al, 1986 ). Short-lived corpora lutea also occur at puberty (González-Padilla et al, 1975; Berardinelli et al, 1979 Berardinelli et al, , 1980 and at the beginning of the breeding season in ewes (Yuthasastrakosol et al, 1975) . Several possibilities exist to explain regression of short-lived corpora lutea including: (1) inadequate gonadotrophic support; (2) inabi¬ lity of short-lived corpora lutea to respond to gonadotrophins; (3) premature release of luteolysin; and/or (4) an enhanced sensitivity of short-lived corpora lutea to the luteolytic signal.
The first corpus luteum formed after parturition does not regress prematurely in ewes and cows hysterectomized after parturition (Schirar & Martinet, 1982; Copelin et al, 1987) . The uterus is therefore required for early regression of short-lived corpora lutea and regression appears to be an active process. Additionally, a lack of gonadotrophic support does not appear to be the primary causative factor for early regression since Carruthers et al (1986) could not prevent regression of short-lived corpora lutea by administration of human chorionic gonadotrophin. Premature release of prostaglandins (PG) has been implicated in the regression of short-lived corpora lutea (Thatcher et al, 1980; Troxel & Kesler, 1984a, b) . Troxel & Kesler (1984a) administered indomethacin, a PG synthesis inhibitor, to cows expected to have a short-lived corpus luteum and were able to extend the life-span of these corpora lutea. However, during regression of short-lived corpora lutea in cows, Manns et al. (1983) did not observe pulses of 13,14-dihydro-15-keto-PGF-2a similar to those expected to occur during normal regression. Together, these data can be interpreted to indicate a role for the uterus and PGF-2a in causing regression of short-lived corpora lutea, although it does not appear that serum concentrations of PGF-2a are as high as those observed during luteolysis in normal cyclic animals. A short luteal phase may therefore be the result of a corpus luteum that is hypersensitive to low levels of The corpora lutea of ewes and cows are composed of two steroidogenic cell types, termed large and small luteal cells (Donaldson & Hansel, 1965; Fitz et al, 1982) . In sheep, most of the luteal receptors for PGF-2a are localized on large steroidogenic luteal cells (Fitz et al, 1982) . Therefore, it appears that the luteolytic process may be mediated via large luteal cells which may be derived from granulosa cells of the preovulatory follicle (Donaldson & Hansel, 1965; McClellan et al, 1975; Alila & Hansel, 1984) . The first preovulatory follicle formed after parturition in cows contains approximately twice the number of granulosa cells as are in subsequently formed preovulatory follicles (Braden et al, 1989 
Materials and Methods
Tissues. Corpora lutea were collected from 10 post-partum ewes after the first post-partum preovulatory surge of LH and from 10 ewes that were normally cycling. To obtain post-partum ewes, anoestrous Western range ewes were treated with progestagen implants for 9 days in April or May. Upon removal of the implants, ewes were injected subcutaneously with 350 i.u. PMSG to stimulate follicular development and ovulation. These ewes were then mated to fertile rams which allowed lambs to be born during the breeding season (September and October), when post-partum anoestrus would not be confounded by seasonal anoestrus. Lambs were allowed to suck normally after birth.
To detect the preovulatory surge of LH and allow accurate timing for the collection of tissue, blood samples were obtained from each ewe at 6-h intervals beginning 7 days after parturition. Blood samples were allowed to clot at room temperature for 6 h, stored at 4°C and the following day serum was collected. A rapid radioimmunoassay for LH was performed using 200 µ serum, 100 µ 125I-labelled oLH, 200 µ anti-ovine LH serum (Niswender et a!, 1969) and 500µ phosphate-buffered saline containing 01% gelatin (PBS-gel; 001 M-NaP04, 014M-NaCl, 0-22min-merthiolate, 0-1 % (w/v) gelatin; pH 70) and were incubated for 8 h at 4°C. The 200 µ of second antibody (goat anti¬ rabbit immunoglobulin) were added to each assay tube and they were incubated for 12 additional hours. Hormone bound to antibody was separated from free hormone by centrifugation at 800 g for 30 min at 4°C and the radioactivity associated with the bound hormone was quantified using an Isodata 20/20 gamma counter. This assay allowed detec¬ tion of LH concentrations associated with a preovulatory surge. Based on preliminary studies in normal cyclic ewes, serum concentrations of LH (>5ng NIH-oLH-S24/ml) were considered as indicative of a preovulatory surge. Typically, two sequential samples contained > 5 ng LH/ml.
The day on which the first preovulatory surge of LH occurred after parturition was designated Day 0. Corpora lutea were collected aseptically from 5 ewes each on Days 4 and 7 via mid-ventral incision while ewes were under pentobarbitone anaesthesia (Group F). Corpora lutea were also collected from 5 normal cyclic ewes on Days 4 and 7 after the preovulatory surge of LH (Group C). The volume and mass of each corpus luteum were determined (Farin et a!, 1986 ) and 0-5 mm thick slices were made with a Stadie Riggs hand-held microtome. A single slice from the centre of each corpus luteum obtained from ewes on Day 4 was processed for electron microscopy and the remaining tissue was dispersed with collagenase (Simmons et ai, 1976) . Since 6 of 9 of the corpora lutea collected from Group F on Day 7 were regressing, based on a pale, white appearance and reduced size, no attempt was made to assess them morphologically. Only 2 corpora lutea collected from Group F ewes on Day 7 contained enough tissue for all procedures. Therefore, 4 additional post-partum ewes were treated as described above but quantification of receptors for PGF-2a was the only procedure performed (total = 6). In addition, corpora lutea were collected from 3 additional normal cyclic ewes on Day 7 for analysis of the concentration of PGF-2a receptors (total = 8).
After dissociation, cells were washed twice with 10 ml Medium 199. A sample of this suspension was placed in a haemocytometer and the number of luteal cells per unit volume was determined. Progesterone secretion was estimated by placing 25 000 total luteal cells (excluding red blood cells) in 1 ml Medium 199 with or without 100 ng oLH/ml for 6 h at 37°C in a shaking water bath. After incubation, medium and cells were separated and rapidly frozen. The quantity of progesterone in the media was measured by radioimmunoassay (Niswender, 1973) . The limit of detection for progesterone in media was 25 pg and the intra-assay coefficient of variation was less than 10%. (Nett et ai, 1981) , luteinizing hormone and follicle-stimulating hormone (Braden et a!, 1986 ).
Radiolabelled PGF-2a ([5,6,8,9,1 l,12,14,15(n) Corp. (Arlington Heights, IL, USA). The assay buffer was 10 mM-Tris-HCl, 1 mM-CaCl2, 1 mM-MgCl2 and 01% (w/v) bovine serum albumin (pH 7-4). Membranes prepared from ovine corpora lutea obtained during the mid-luteal phase of the oestrous cycle were used for the standard membrane preparation. Each assay included: (1) a standard curve using the standard membrane preparation; (2) Scatchard analysis (Scatchard, 1949) ([5,6,8,9,11,12,14,15(n) (Fig. 2) (Wiebel, 1979 (Steele & Torrie, 1980) .
Results
There was no difference in the mass of corpora lutea from ewes in Groups F and C on Day 4 (214 + 10 vs 214 ± 7 mg, respectively; mean ± s.e.). By Day 7, corpora lutea from Group F weighed less than those from Group C (280 + 80 vs 465 ± 25 mg, respectively, < 0-01). There was no difference in the quantities of progesterone secreted in vitro by cells from corpora lutea collected on Days 4 and 7 from Group F or C ewes and data from both days were combined for further analysis. Luteal cells from Group C ewes secreted more progesterone (P < 005) in the absence or presence of 100 ng oLH/ml than did those from Group F (Fig. 4) . *P < 005.
On Day 4 there was a tendency for there to be fewer receptors for LH in luteal cells of Group F compared to Group C (P < 01; Fig. 5a ) but by Day 7 there was no difference (P > 01). Likewise, there was a tendency for fewer receptors for PGF-2a in luteal cells of Group F compared to Group C (P < 01) on Day 4; however, by Day 7 this difference was not significant (P > 01; Fig. 5b The volume density of luteal components is presented in Table 1 . There were no differences identified between corpora lutea from Group F and Group C ewes. Approximately 40% of the volume comprised large and small luteal cells. Fibroblasts occupied approximately 16% of the corpora lutea while vascular components accounted for 12%. The extracellular matrix accounted for 32% of the volume of corpora lutea from ewes in Groups F and C and 1% of the volume was occupied by unidentified cells and cellular debris. (Table 3) did not differ between Groups F and C. for LH between the two groups. In other studies, the administration of LH or human chorionic gonadotrophin had no effect (Kesler et al, 1981; McNeiUy et al, 1981) or stimulated Duby et al, 1985; Rutter et al, 1985) the secretion of progesterone in vitro from corpora lutea expected to be short-lived. Additionally, no differences in the concentration of receptors for LH have been identified between corpora lutea expected to have short or normal lifespans (McNeiUy et al, 1981; Rutter et al, 1985; Smith et al, 1986) as found in the present study. Therefore, decreased secretion of progesterone by luteal cells of Group F ewes may be the result of a deficient coupling mechanism between binding of LH to receptor and secretion of progesterone. Smith et al (1986) reported higher levels of phosphodiesterase activity in the first corpus luteum formed after parturi¬ tion compared to subsequently formed corpora lutea in cows.
One of the first effects of administration of PGF-2a on luteal cells is the inactivation of LHsensitive adenylate cyclase (Fletcher & Niswender, 1982 . However, small luteal cells from GnRH-treated ewes were smaller than those in cyclic control ewes. Similarly, there was no difference in the number of large luteal cells in bovine corpora lutea collected after the first post-partum ovulation when compared to corpora lutea from subsequent oestrous cycles (Duby et al, 1985) . In contrast, Manns et al (1983) reported that some bovine corpora lutea, expected to be short-lived, had a greater number of large luteal cells. Again, this observation was not consistent for all animals expected to have a short luteal phase. Rutter et al (1985) , using dissociated cells, could not identify any difference in the cellular composition of the first corpus luteum formed after parturition compared to corpora lutea from normal cyclic animals. However, this characterization was performed at the light microscopic level and no effort was made to identify steroidogenic cell types. Therefore, their data could have been confounded by the presence of small non-steroidogenic cells (i.e. capillary endothelial cells and fibroblasts) as well as of large luteal cells of small size as reported by Farin et al (1986) .
The results of the present study indicated no difference in the cellular composition of corpora lutea expected to have a shortened life-span and those expected to have a normal life-span. Therefore, although preovulatory follicles expected to result in short-lived corpora lutea in cows contained more granulosa cells than subsequently formed preovulatory follicles (Braden et al, 1989) , this does not result in a short-lived corpus luteum with an increased proportion of large luteal cells. However, data from preovulatory follicles were obtained from cows (Braden et al, 1989 ) while the present study was conducted in ewes and so species differences cannot be excluded.
In summary, although cells obtained from short-lived corpora lutea were less responsive to LH, they had normal numbers of receptors for this hormone. In addition, no evidence was obtained to indicate that cells from short-lived corpora lutea had increased numbers of receptors for PGF-2a or that these corpora lutea had increased numbers of large luteal cells. 
